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INTRODUCTION 
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1 . 

Krosion  of  gun  Cubes  lias  long  been  a problem  which  appears  to 
worsen  as  technology  proceeds  towards  higher  pressures  and  velocities. 
Various  additives  are  currently  being  used  to  reduce  erosion.  In  the 
i05nun  tank  cannon,  for  example,  Ti02/wax  liners  decreased  the  erosion 
rate  from  0.075  inch  (l.Umm)  per  100  rounds  to  the  same  wear  rate  per 
L0,000  rounds-l^ . A Canadian  report-  claims  that  polyurethane  foam  failed 
to  reduce  erosion  in  a smoothbore,  high  velocity  gun  operating  with 
chamber  pressures  near  75  kpsi  (517  MPa). 

During  the  course  of  the  Anti-Armor  Automatic  Cannon  Technology 
Program  (AiVAC),  various  tests  were  conducted  with  60mm  gun  tubes  firing 
slug  and  APFSDS  projectiles.  Three  different  wear  reducing  additives 
were  utilized  in  order  to  keep  tube  erosion  at  a minimum.  Average 
pressures  were  about  80  kpsi  (551  MPa),  with  velocities  close  to  5000 
fps  (1524  m/s).  Stargage  measurements  of  the  tube  showed  that  regardless 
of  the  type  of  additive  used,  the  weiir  rate  was  0.7  mil  (0.018mm)  per 
round.  This  led  to  speculation  tiiat  the  wear-reducing  additives  were 
ineffective  in  reducing  erosion  under  the  60mm  gun  conditions.  To  test 
this  hypothesis,  a ten  round  group  of  slugs  was  fired  without  additive. 
The  data  from  tliis  test  were  also  useful  in  determining  how  well  existing 
models^.^  can  predict  gun  erosion  rates. 

1 1 . I'XPERIMENTAL 

The  60mm  guns  used  in  the  program  were  fabricated  by  Watervliet 
Arsenal.  Ballistic  C ui  3 (BG3),  the  second  gun  used,  has  a total  length 
of  226  inches  (5.74  meters)  and  a travel  of  217  inches  (5.51  meters). 


1.  Ahmad,  "The  Vrohlem  of  dun  Barrel  Erosion,  An  Overview",  Pro- 
jeedings  of  Tri-Servioe  Gun  Tube  We^ir  and  Erosion  Symposium, 

March  1977. 

2.  G.  Bertrand  and  A.J.  Maroney,  "A  High  Performance  Experimental 
Smooth  Bore  Gun  1965-1907  Coolant  Trials  at  Chamber  Pressures  of 
75,000  psi".  Defense  Research  Establishment,  Valoartier  Technical 
Note  1887/70,  June  1970. 

3.  J.M.  Frankie  and  L.R.  Kruse,  "A  Method  for  Estimating  Service  Life 
of  a Gun  or  Howitzer",  BRL  Memorandum  Report  No.  1852,  June  1967. 
CAD  #818348) 

4.  C.S.  Smvth  and  J.S.  O'Brasky,  "A  Procedure  for  Gun  Barrel  Erosvon 
Life  Estimation" , Proceedings  of  the  Tri-Service  Gun  Tube  Wear  and 
Erosion  Symposium,  March  1977. 
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Rifling  in  the  tube  consists  of  16  lands  and  grooves,  with  a twist  of 
one  turn  in  200  calibers.  The  chamber  configuration  is  shown  in  Figure 
1.  The  slug  projectile  fired  from  BG3  is  shown  in  Figure  2 and  the 
APFSDS  projectile  is  shown  in  Figure  3. 
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Stub-steel  cases,  shown  in  Figure  4,  were  used  to  contain  part  of 
the  propellant.  The  remainder  of  the  propellant  was  arranged  around 
the  rear  of  the  projectile,  as  shown  in  Figure  5.  Talc/wax  and  Ti02/ 
wax  additives,  which  are  available  in  nominal  thickness  of  1/8  inch  (3mm) 
sheet  form,  were  wrapped  around  the  propellant,  as  shown  in  Figure  6. 

The  M83  electric  primer  and  a 650  grain  black  powder  base  igniter , also 
shown  in  Figure  4,  ignited  the  charge. 


Figure  4.  Stub  Case,  Primer  and  Igniter 


Figure  6.  Ti02/Wax  Additive 
Wrapped  Around 
Propellant 


Figure  5.  Propellant  Sticks 

Arranged  Around  Rear 
of  Projectile 


The  M30  propellant  used  in  the  tests  with  BG3  were  Lot  No.  PA-E 
03795  and  PA-E  03796,  0.068"  web,  single  perf,  slotted  stick,  and  Lot 
No.  RAD-PE  472-24,  0.078"  web,  single  perf,  slotted  stick.  The  latter 
was  used  only  in  one  series  of  firings,  when  a combustible  case,  shown 
in  Figure  7 was  used.  The  additive  used  with  the  combustible  case  was 
a Cabosil  silicone  grease  placed  in  a plastic  sleeve  approximately  one 
and  one-half  inches  wide  and  10  inches  long  (4  x 25cm).  The  sleeve  was 
wrapped  around  the  base  of  the  rear  band  prior  to  loading  the  combustible 
case  with  the  propellant  sticks. 

Talc/wax  additive  was  used  with  the  first  27  rounds  fired  from  BG3. 
Peak  chamber  pressures  ranged  from  74  kpsi  to  80  kpsi  (510  MPa  to  552 
MPa),  with  a charge  of  5.2  lb  (2.36  kg).  Projectile  weight  was  5.8  lb 
(2.63  kg).  The  vertical  land  diameter  at  20.75  inches  RFT  (527.0mm) 
increased  by  22  mils  (0.56ram)  corresponding  to  an  average  wear  rate  of 
0.8  mil/rd  (0.02  mm/rd). 

Cabosil  grease  and  the  combustible  case  were  used  with  rounds  28 
through  47.  5.03  lb  (2.28  kg)  of  0.078"  web  stick  propellant  was  used 

since  the  impetus  of  the  combustible  case  was  equivalent  to  0.25  lb 
(0.11  kg)  of  the  stick  propellant.  Peak  chamber  pressures  ranged  from 
76  kpsi  to  81  kpsi  (524  to  559  MPa).  Projectile  weight  was  5.8  lb 
(2.63  kg).  The  vertical  land  diameter  increased  by  13  mils  (0.33mm) 
during  the  nineteen  round  group  for  an  average  wear  rate  of  0.7  mil/rd 
(0.018  mm/rd) . 

Ti02/wax  additive  was  used  with  rounds  48  through  69.  Peak  chamber 
pressures  ranged  from  74  kpsi  to  80  kpsi  (510  to  552  MPa)  with  5.14  lb 
(2.33  kg)  0.067"  web  propellant.  Half  of  the  projectiles  weighed  5.8  lb 
(2.63  kg)  and  the  other  half  weighed  5.5  lb  (2.49  kg),  and  were  alter- 
nately fired.  The  bore  diameter  increased  16  mils  (0.41mm)  during  this 
firing  sequence,  an  average  of  0.8  mil/rd  (0.02  mm/rd). 

Stargage  measurements  of  the  gun  tube,  made  after  rounds  3,  14,  27, 
34,  47,  and  69,  are  compiled  in  the  Appendix.  Rounds  70  through  79  were 
slug  projectiles  similar  to  those  shown  in  Figure  8,  fired  without 
additive.  A charge  of  5.5  lb  (2.5  kg)  yielded  a pressure  of  75  kpsi 
(517  MPa) . The  heavier  charge  was  necessitated  by  the  larger  chamber 
volume  which  resulted  from  using  slugs  without  the  sabot  and  fins  pro- 
truding into  the  chamber  behind  the  obturating  band.  The  bore  diameter 
increased  19  mils  (0.48mm)  during  the  ten-round  series  without  additive, 
an  average  of  1.9  mils  (0.048mm)  per  round.  An  additional  five  similar 
slug  projectiles  were  then  fired  with  Ti02/wax  additive  wrapped  around 
the  propellant.  However,  due  to  the  excessive  erosion  that  occurred 
with  the  previous  ten  rounds,  these  five  slugs  did  not  seat  until  the 
rear  band  entered  the  bore.  The  wear  for  these  five  rounds  totaled  6 
mils  (0.15mm)  for  an  average  wear  of  1.2  mils  (0.03mm)  per  round. 
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Figure  8.  Slug  Projectile 


Combustible  Case 


III.  RESULTS  AND  DISCUSSION 

Plots  of  horizontal  and  vertical  land  and  groove  wear,  measured 
at  20.75  inches  (527mm)  from  the  rear  face  of  the  tube  (RFT) , are  shown 
in  Figures  9 and  10.  It  is  evident  from  the  plots  that  the  wear  rate 
per  round  is  linear  and  is  the  same  regardless  of  the  type  of  additive 
used.  Another  feature  of  interest  is  that  the  land  wear  is  slightly 
greater  than  the  groove  wear,  0.7  mil/rd  vs  0.6  mil/rd  (0.018  mm/rd 
vs  0.015  mm/rd).  The  vertical  lands  wear  slightly  faster  than  the 
vertical  grooves,  while  the  grooves  in  the  vertical  and  horizontal  planes 
wear  at  the  same  rate.  The  datum  for  horizontal  land  wear  after  34 
rounds  fired  appears  to  be  an  erroneous  stargage  reading,  since  the 
wear  rate  of  the  vertical  lands  and  both  horizontal  and  vertical  grooves 
after  34  rounds  fell  on  the  slope  of  wear/round  to  69  rounds  fired. 

The  linear  wear  rate  for  BG3  is  similar  to  the  wear  pattern  of  the 
105mm  M68  gun  mounted  on  the  M60  tank.  Figure  11  shows  the  M68  tube 
wear  at  25.25  inches  RFT  (641.4mm)  for  APDS  rounds  with  no  additive 
(M392A1) , with  polyurethane  foam  (M392A2),  and  with  Ti02/wax  additive. 

Of  interest  is  that  the  wear  rate  of  BG3  through  69  rounds  is  about  the 
same  as  that  of  the  M68  cannon  firing  APDS  or  HEAT  rounds  without 
additive.  The  M68  cannon  is  condemned  after  firing  100  such  rounds. 
Assuming  BG3  would  be  condemned  at  the  same  two  percent  increase  in 
initial  bore  diameter,  BG3  would  be  condemned  after  60  rounds  were  fired. 
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Figure  9.  Vertical  Groove  and  Land  Wear  V£  Rounds  Fired 
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Figure  10.  Horizoi\tal  Groove  and  Land  Wear  v£  Rounds  Fired 


NUMBER  OF  ROUNDS 


The  wear  profile  for  BG3  after  each  set  of  stargage  measurements 
is  shown  in  Figure  12.  This  is  similar  to  the  wear  profile  for  the 
M68  cannon  firitig  rounds  without  additive,  shown  in  Figure  13.  However, 
BG3  shows  no  evidence  of  secondary  wear  while  the  M68  cannon  shows 
secondary  wear  when  firing  rounds  with  polyurethane  foam  liners. 


The  bore  diameter  increase  in  BG3,  after  firing  ten  rounds  (Rounds 
70-79)  is  shown  in  Figure  lA.  Wear  rate  increased  from  0.7  mil/round 
(0.018  inm/rd)  to  2 mils/round  (0.051  mm/rd).  Both  lands  and  grooves 
in  the  vertical  and  horizontal  positions  exhibit  larger  wear  rates  when 
firing  rounds  without  additive.  The  bore  diameter  increase  after  firing 
the  subsequent  five  rounds  (Rounds  80-84)  with  additive  is  shown  in 
Figure  15.  Wear  rate  for  these  rounds  dropped  to  the  rate  obtained  for 
the  first  69  rounds  as  illustrated  in  Figures  16  and  17  where  only 
rounds  fired  with  additive  are  plotted.  Stargage  measurement  records 
for  these  two  tests  are  also  included  in  the  Appendix. 


TABLE  I.  Comparison  Between  Wear  Profiles  for  the  M392A1 
and  M392A2  Projectiles 


RFT , cm^ 

M392A1  wear^ 
mils 

wear/rd , 
cm  X 10 

M392A2  wear^ 
mils 

wear/rd, 
cm  X 10 

% reduction 
in  wear  rate 

64.14 

123 

18. 

80 

4.7 

74 

66. 

83 

12. 

60 

3.6 

71 

71. 

80 

11. 

68 

4.1 

64 

76. 

70 

10. 

75 

4.3 

58 

00 

60 

8.6 

75 

4.3 

50 

91. 

45 

6.4 

70 

4.1 

36 

101. 

35 

5.1 

63 

3.8 

25 

112. 

25 

3.6 

50 

3.0 

14 

123. 

16 

2. 

43 

2.5 

0 

142. 

10 

1.5 

32 

1.8 

0 

a - distance  from  the  rear  face  of  the  tube  (RFT) . 
b - 177  rounds, 
c - 432  rounds. 


The  wear  profile  of  BG3  after  firing  the  ten  rounds  without  additive 
in  contrast  to  the  wear  profile  for  the  first  69  rounds  is  shown  in 
Figure  18.  To  better  appreciate  the  effect  of  the  wear  reducing  additives 

on  BG3,  the  wear  profile  is  converted  to  the  wear  per  round  and  shown  in  I 

Figure  19.  One  sees  that  through  60  inches  from  RFT  (1.52  meters)  the  ] 
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Figure  12.  Tube  Wear  Profile  for  BG3 
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Figure  14.  Vertical  Land  and  Groove  Wear  for  BG3  Including  Rounds  without  Addit 


HORIZONTAL  LAND  AND  GROOVE  WEAR  FOR  BG-3 
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Figure  15.  Horizontal  Land  and  Groove  Wear  for  BG3  Including  Rounds  without  Additive 


2.50  p VERTICAL  AND  HORIZONTAL  LAND  WEAR  FOR  BG-3 
MEASURED  AT  527  mm  RFT 
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Figure  16.  Vertical  and  Horizontal  Land  Wear  for  BG3  with  Additive  Only 


VERTICAL  AND  HORIZONTAL  GROOVE  WEAR  FOR  BG-3 


Figure  17.  Vertical  and  Horizontal  Groove  Wear  for  BG3  with  Additive  Only 
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Figure  18.  Comparison  of  Vertical  Land  Wear  Profile  of  BG3  between  Standard  Rounds 

and  Rounds  without  Additive 
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Figure  19.  Wear  Profile  for  Rounds  with  Additive  and  Rounds  without  Additive 


atlilitivu  reduces  the  wear  ef  the  cannon.  This  could  explain  tiie  absence 
of  secondary  wear  in  lUTj,  while  secondary  wear  Is  evident  in  tlie  M6K 
cannon  firing  the  Al’DS  round  witii  polyurethane  foam,  sliown  in  KiKure  11. 
i'he  effectiveness  of  the  polyurethane  foam  drops  quickly  and  linearly 
downbore,  as  seen  in  Table  1 and  Figure  20.  At  1.2  meters  from  RFT, 
the  foam  is  no  longer  effective.  The  behavior  of  tlie  additive  in  liC'J 
is  similar  to  tlie  behavior  of  the  Ti02/wax  additive  in  the  M68  cannon, 
where  it  is  effective  over  the  entire  distance  along  the  bore,  as  shown 
in  Figure  13.  A significant  difference  between  the  Ti02/wax  additive 
in  the  M68  cannon  and  the  additives  in  BG3  is  effectiveness  near  the 
commencement  of  rifling.  The  M68  cannon's  wear  life  is  increased  from 
100  to  10,000  rounds;  in  BG3  wear  life  is  increased  by  a factor  of  three. 

Wear/round  for  BG3  without  additive  is  compared  with  the  wear 
profile  for  the  M68  cannon  firing  APDS  rounds  without  additive  in 
Figure  21.  The  commencement  of  rifling  is  used  as  the  common  zero  for 
tlie  two  tubes  which  have  different  chamber  lengths.  The  higher  wear 
rate  for  BG3  is  clearly  evident,  with  this  trend  continuing  over  the 
first  40  inches  (1.0  meter)  of  rifling.  The  general  shape  of  the  wear 
profiles  is  similar,  with  the  erosion  rate  greatest  at  the  commencement 
of  rifling. 

A final  point  of  interest  is  a test  of  two  commonly  used  equations  ^ 
to  compute  barrel  wear  rate.  Both  Frankie's  method^  and  Smith-0 ' Brasky ' s 
model  compute  a pseudo  bore  surface  temperature.  The  wear  rate  is  then 
assumed  to  increase  exponentially  with  increasing  wall  surface  tempera- 
ture. 


Frankie's  method  is  illustrated  below.  The  bore  surface  tempera- 
ture, 9,  is  computed  from 


T - 300 

o 

2 

1.7  + 0.38d^  (— ) 
c 


(1) 


where 

6 = bore  surface  temperature,  K, 

T^  = propellant  adiabatic  flame  temperature,  K, 
d = bore  diameter,  in., 
and  c = propellant  weight,  lb. 
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.66 


.76  .86  .96  1.07  1.17 

DISTANCE.  RFT  (m) 


1.27 


Figure  20.  Wear  Reduction  in  the  M392A2  Projectile  as  a Function  of 

Distance  Along  the  Tube 


WEAR/ROUND  FOR  60mm  MC-ADAC  AND  M68 


Figure  21.  Wear  Profile  of  BG3  and  M68  Tank  Cannon  without  Additive 


The  wear  rate  is  then  computed  as  follows: 


w 0/0  TA-S  .007856 
— = 8.48  X 10  e 


/d 


which  yields  the  diametrical  wear  rate  in  microinches. 


(2) 


Smith-0' Brasky  compute  the  wall  temperature  with  the  following 
expression : 


T = 0.0763 
w 


T - 600 
c 


(CP)^ 


(3) 


wl\ere 


= wall  temperature,  K, 

Tp  = propellant  flame  temperature,  K, 

= effective  temperature  reduction  by  coolant,  K, 
d = diameter,  in., 

C = charge  weight,  lb, 
and  P = peak  chamber  pressure,  kpsi. 

The  wear  rate  in  0.1  mil  per  round  is  computed  from: 

I,  o 0.0049T 

W = 0.0166  e w . 


(4) 


The  typical  value  of  T(.  is  500K.  An  expression  is  also  available  for 
computing  wear  rate  during  burst  fire. 

The  predictions  by  each  model  are  listed  below  assuming  a 2.5  kg 
charge  weight,  83,655  psi  (577  MPa)  peak  chamber  pressure,  M30  propellant 
with  a propellant  flame  temperature  of  3040K,  and  of  500K  for  the 
additive  rounds: 


Model 

Frankie 

Smith-0' Brasky 
Experimental 


Wear,  mm/rd 

0.038 

.099 

.051 


Wear , mm/rd.  Additive 


0.020 

.018 


The  Frankie  model  predicts  a wear  rate  closer  to  the  experimental  value, 
although  both  models  predict  the  order  of  magnitude  correctly  for  the 
nonadditive  rounds.  The  Smith-0' Brasky  comes  remarkably  close  to  pre- 
dicting the  wear  rate  of  the  rounds  with  additive.  The  Frankie  method 
is  not  applicable  on  additive  rounds.  It  appears,  then,  for  the  interior 
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r ^ 


balListic  parameters  typical  of  the  MC-AAAC,  the  empirical  erosion 
models  may  be  used  to  estimate  erosion  rates. 

IV.  CONCLUSIONS 

1 The  wear  rate  of  BG3  without  wear-reducing  additives  is 
significantly  higher  than  the  wear  rate  with  additives.  At  the  axial 
distance  used  to  measure  remaining  tube  life,  the  wear  rate  increased 
from  0.7  mil/rd  (0.018  mm/rd)  to  2 mils/rd  (0.05  mm/rd). 

2.  The  wear-reducing  additives  in  BG3  exert  influence  on  erosion 
over  a considerable  distance  downbore.  This  is  similar  to  the  action 

of  the  Ti02/wax  liner  in  the  M392A2  APDS  projectile  fired  from  the  105nun 
M68  tank  cannon.  However,  the  BG3  additives  decrease  the  wear  rate  near 
the  commencement  of  rifling  threefold  rather  than  the  hundredfold  in 
the  M68  tank  cannon. 

3.  The  downbore  wear  profile  of  BG3  was  similar  to  the  wear  profile 
for  the  M68  tank  cannon  firing  rounds  without  additive.  In  this  sense, 
the  60mm  MC-AAAC  wears  in  the  fashion  observed  for  other  high-velocity, 
direct-fire  cannons.  In  particular,  the  wear  rate  at  the  commencement 

of  rifling  is  linear  with  rounds  fired.  In  addition,  no  secondary  wear 
peak  is  evident  in  the  60ram  MC-AAAC. 

4.  Two  empirical  formulae  for  estimating  tube  wear  rates 
correctly  estimate  the  order  of  magnitude  wear  rate  of  BG3.  The  Smith- 
O'Brasky  equation  which  estimates  wear  rate  with  additives  also 
correctly  estimates  the  wear  rate  of  BG3  with  additive. 

5.  If  the  60mm  MC-AAAC  were  to  be  condemned  for  the  same  percent 
increase  in  wear  as  the  M68  tank  cannon,  BG3  would  have  a useful  life 

of  60  rounds  with  additive  and  20  rounds  without  additive.  This  suggests 
guns  with  this  performance  level  in  the  60mm  caliber  will  require 
platings  or  coatings  before  they  can  be  fielded. 
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APPENDIX  A.  STAR-GAGE  MEASUREMENTS  FOR  BG3 
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and  Development  Laboratory 
Ames  Research  Center 
Moffett  Field,  CA  94035 

1 Commander 

US  Army  Electronics  Research 
& Development  Command 
Technical  Support  Activity 
ATTN:  DELSD-L 
Ft.  Monmouth,  NJ  07703 

1 Commander 

US  Army  Communications  Rsch 
and  Development  Command 
ATTN:  DRDCO-SGS 
Ft.  Monmouth,  NJ  07703 


No.  of 

Copies  Organization 

1 Commander 

US  Army  Missile  Research  & 
Development  Command 
ATTN:  DRDMI-R 
Redstone  Arsenal,  AL  35809 

1 Commander 

US  Army  Missile  Materiel 
Readiness  Command 
ATTN:  DRSMI-AOM 
Redstone  Arsenal,  AL  35809 

1 Commander 

US  Army  Tank  Automotive  Rsch 
and  Development  Command 
ATTN:  DRDTA-UL 
Warren,  Ml  48090 

1 Commander 

US  Army  Armament  Materiel 
Readiness  Command 
ATTN:  DRSAR-LEP-L,  Tech  Lib 
Rock  Island,  IL  61299 

2 Commander 

US  Army  Armament  Research  & 
Development  Command 
ATTN:  DRDAR-TSS 
Dover,  New  Jersey  07801 

5 Commander 

US  Army  Armament  Research  & 
Development  Command 
ATTN:  FC  & SCWSL 
D.  Gyorog 
H.  Kahn 
B . Brodman 

S.  Cytron 

T . Hung 

Dover,  New  Jersey  07801 
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6 Commander 

US  Army  Armament  Research  & 
Development  Command 
ATTN:  DRDAR-LC,  J.  Frasier 
H.  Fair 

J . Lannon 

C.  Lenchitz 
A.  Moss 

R.  Walker 

Dover,  New  Jersey  07801 
6 Commander 

US  Army  Armament  Research  & 
Development  Command 
ATTN:  DRDAR-LC,  J.  Picard 

D.  Costa 

E.  Barrieres 
R.  Corn 

K.  Rubin 
J.  Houle 

Dover,  New  Jersey  07801 
5 Commander 

US  Army  Armament  Research  & 
Development  Command 
ATTN:  DRDAR-LC,  D.  Katz 
E.  Wurzel 
P.  Marinkas 
D . Downs 
R.L.  Trask 

Dover,  New  Jersey  07801 
1 Commander 

US  Array  Armament  Research  & 
Development  Command 
ATTN:  DRDAR-QA,  J.  Rutkowski 
Dover,  New  Jersey  07801 

4 Commander 

US  Army  Armament  Research  & 
Development  Command 
Benet  Laboratory 
ATTN : I . Ahmad 

T . Davidson 
J.  Zweig 
G.  Friar 
Watervliet,  NY 


No.  of 

Copies  Organization 

6 Commander 

US  Army  Armament  Research  & 
Development  Command 
Benet  Laboratory 
ATTN:  J.  Busuttil 
W.  Lewis 
W.  Austin 
R.  Montgomery 

R.  Billington 
J.  Sant ini 

Watervliet,  NY  12189 

1 Project  Manager,  M60  Tanks 

US  Army  Tank  & Automotive  Cmd 
28150  Dequindre  Road 
Warren,  MI  48090 

4 Project  Manager 

Cannon  Artillery  Weapons  Systems 
ATTN:  DRCPM-CAWS 
US  Army  Armament  Research  & 
Development  Command 
Dover,  New  Jersey  07801 

2 Project  Manager  - M110E2 
ATTN:  J.  Turkeltaub 

S . Smith 

Rock  Island,  IL  61299 

1 Project  Manager  - XMl  Tank 
US  Army  Tank  Automotive 
Development  Command 
28150  Dequindre  Road 
Warren,  MI  48090 

1 Project  Manager  - XMl 

Tank  Main  Armament  Dev  Div 
ATTN:  LTC  Appling 
Dover,  New  Jersey  07801 

1 Project  Manager  - ARGADS 
Dover,  New  Jersey  07801 
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2 Director 

US  Army  Materials  & Mechanics 
Research  Center 
ATTN:  J.W.  Johnson 
R.  Katz 

Watertown,  MA  02172 

1 Director 

US  Army  TRADOC  Systems 
Analysis  Activity 
ATTN:  ATAA-SL,  Tech  Lib 
White  Sands  Missile  Range, 

New  Mexico  88002 

1 Commander 

US  Army  Air  Defense  Center 

ATTN:  ATSA-SM-L 

Ft.  Bliss,  TX  79916 

1 Commander 

US  Army  Armor  Center 
ATTN:  ATZK-XMl 
Ft.  Knox,  KY  40121 


No.  of 

Copies  Organization 

5 Commander 

US  Naval  Surface  Wpns  Center 
ATTN:  M.  Shamblen 
J.  O'Brasky 
C.  Smith 
L.  Russell 
T.W.  Smith 

Dahlgren,  VA  22448 

2 Commander 

US  Naval  Ordnance  Station 
ATTN:  L.  Dickinson 
S.  Mitchell 

Indian  Head,  MD  20640 

1 Commander 

US  Naval  Ordnance  Station, 
Louisville 
ATTN : F . Blume 
Louisville,  KY 

2 AFATL  (D.  Uhrig,  0.  Heiney) 
Eglin  AFB,  FL  32542 


1 President 

US  Army  Maintenance  Mgmt  Ctr 
Lexington,  KY  40507 


1 Battelle  Columbus  Laboratory 
ATTN:  G.  Wolken 
Columbus,  OH  43201 


1 President 

US  Army  Armor  & Engineer  Bd 
Ft.  Knox,  KY  40121 


1 Lawrence  Livermore  Laboratory 
ATTN:  J.  Kury 
Livermore,  CA  94550 


1 Commander 

US  Army  Field  Artillery  School 
ATTN:  J.  Porter 
Ft.  Sill,  OK  73503 

3 HDQA  (DAMA-ARZ,  DAMA-CSM, 
DAMA-WSW) 

Washington,  DC  20301 

2 Director 

US  Army  Research  Office 
ATTN:  P.  Parrish 
E.  Salbel 
P.O.  Box  12211 

Rsch  Triangle  Park,  NC  27709 


2 Calspan  Corporation 
ATTN:  G.  Sterbutzel 
F.  Vassallo 
P.O.  Box  235 
Buffalo,  NY  14221 

1 Director 

Chemical  Propulsion  Info  Agency 
Johns  Hopkins  University 
ATTN:  T.  Christian 
Johns  Hopkins  Road 
Laurel,  MD  20810 
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3 Princeton  University 

Forrestal  Campus  Library 
ATTN:  M.  Summerfleld 
L.  Caveny 
Tech  Lib 
P.O.  Box  710 
Princeton,  NJ  08540 

1 Purdue  University 

School  of  Mechanical  Engineering 
ATTN:  J.R.  Osborn 
W.  Lafayette,  IN  47909 

1 University  of  Illinois 
Dept  of  Aeronautics  and 
Aerospace  Engineering 
ATTN:  H.  Krler 
Urbana,  IL  61803 


No.  of 

Copies  Organization 

Aberdeen  Proving  Ground 
Dir,  USAMTD 

ATTN:  D.  Tag,  Bldg.  400 

H.  Graves,  Bldg.  400 
C.  Lavery,  Bldg.  400 
L.  Barnhardt,  Bldg.  400 
K.  Jones,  Bldg.  400 
R.  Moody,  Bldg.  525 

Cdr,  TECOM 

ATTN:  DRSTE-FA 
DRSTE-AR 
DRSTE-AD 
DRSTE-SG-H 

Dir,  USAMSAA 

ATTN:  D.  Barnhardt,  RAM  Dlv 
G.  Alexander,  RAM  Dlv 
Air  Warfare  Dlv 
Ground  Warfare  Dlv 
RAM  Division 
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